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Abstract 
This study will shed light on the opportunities for improvements in the function of interaction between Interactive art 
installations and the spectators. Where a synthesis of the analysis and evaluation of sensory, cognitive and perceptual human and 
socio-cultural factors in various research studies and an undergoing case study will be presented. The main goal of this study is to 
enhance the user experience and bring it to a higher level by considering the human factors in the interactivity aspect, as we 
human beings have different levels of cognition and perception that will compose our experience with the IMAI. 
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1. Introduction 
Interactive Art (IA) is one of the new media emerging concepts [1], as it has joined Art with Technology to 
enhance the delivery of the artist’s message. Interactive art’s default paradigm revolves around three elements: 
Form, Content and Function [2]. IMAIs are the result of the composition of Hardware (HW) and Software (SW) in 
IA, and the inclusion on Multimedia as a medium of interaction with spectators. IMAIs handle the first two elements 
in the IA paradigm, where the HW constructs the Form and the SW generates or encloses the content. However, the 
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third element (i.e. Function) includes the users as a new triggering component in addition to SW and HW. Hence, 
the involvement of users in one of the main bases of the IA paradigm gave Human Factors and ergonomics a big 
role to play in the design and development of IMAIs. 
In Agile Software Engineering for Information Systems, the Requirements Engineering (RE) phase precedes the 
Design phase, where list of requirements specifications resulted from the first is fed into the latter as its Input [3]. 
Whereas in this interdisciplinary type of projects, where various team members with diverse backgrounds and 
specialties work collaboratively together, the RE and Design phases in the iterative development lifecycle of IMAIs 
overlap. The progress of requirements will reflectively affect the design, where in the iteration the designer will add 
his/her input regarding the discussed requirement, and map it accordingly to the design, and vise versa where artists 
might have an additional idea with its design that requires the existing requirements to be modified accordingly to be 
developed [4].  
2. Background 
The Agile manifesto principles highlights the importance of the customer’s involvement in the development 
processes of the project alongside the developers and project managers [5]. However, urging the customer 
involvement in various development phases doesn’t necessitate the customer representing himself/herself, where 
other representatives whom have the authority of decision-making on behalf of the customer can substitute him/her. 
This replacement might lead to future conflicts, for the representative’s limited knowledge of users’ needs. 
Customers might not be the system’s users, for how rarely it is to have the users acting as customers [6], but they 
have the full authority to suggest and approve of system features [7]. 
Previous researches have studied the customers’ and the users’ roles with the team in the Agile development 
methodology as seen in [5] and [6] more than the actual involvement of them in the design and development phases 
[9]. And this have raised the need for further studies such as [9] to elaborate more on the topic of users and 
customers participation.  
The changing nature of the development outcome of IMAIs throughout the various phases, supports a 
collaborative methodology where all parties can work together in an iterative cycles. Therefore, the Participatory 
design approach [9] was selected to be followed throughout the phases in this study. 
3. Participatory Design in IMAIs 
The Participatory Design (PD) is a design approach that encompasses the extensive involvement and 
collaboration of users and customers throughout the design and the development phases of the project [10]. As a 
multidisciplinary project, assigning roles and responsibilities to the participants with diverse expertise and 
backgrounds in the team would empower the functional involvement of the users to carry out their tasks efficiently 
alongside other team members [9]. Artists in IMAIs wear the hats of both the customers and the users, therefore; the 
roles of participants (e.g. artists and designers) are informative, consultative and participative. 
PD activities starts from the initial stages when scoping the project and identifying its goals and objectives. And 
from then defining the features of the system (i.e. functional and non-functional requirements), prioritizing the 
features into groups for task development. All phases includes the user as an active participant, where s/he plays the 
assigned roles, and eventually reach the results that satisfies both system developers and users [9]. 
The design of the IMAI and the options of selecting specific tools and technologies depend on the artist’s needs 
and vision. The Interactivity aspect as well plays an important role in the design and the tools selected. Different 
interaction categories might be adopted from the existing four ones [14]: 
 
1. Static:  where there is no explicit interaction between the art object and the spectator, as only response might be 
implicitly within the viewer’s emotions; 
2. Dynamic-passive: where the trigger for the change that will occur to the art object is without any human 
intervention (e.g. temperature and internal mechanism); 
3. Dynamic-interactive: adding the human spectator as a trigger along with the Dynamic-passive triggers; 
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Dynamic-interactive (varying): alongside both second and third categories’ triggers- there is a modifying agent 
(i.e. a software or a human) that changes the specification that the reaction of the art object is based upon. Each new 
interaction will base its response on previous interactions. 
4. IMAIs design factors 
The design of IMAICs have different factors that affect its processes, in which what to consider in the interaction 
aspect, the multimedia content and the communication among the team members. Interactions Design Patterns, 
socio-cultural factors, human factors and ergonomics, and additional design factors were selected to shed light on as 
means of enhancing the design phase of IMAIs. 
4.1. Interaction Design Patterns 
Pattern languages are a means of knowledge communication among team member. Where each pattern describes 
a problem, suggest a solution to the problem, and a justification of the solution. Patterns are used as a description to 
the business domain, features and processes in early stages in order to guide the system initial definition and shape 
its conceptual design[11]. Collections of patterns construct a pattern language, where already written patterns can be 
re-used and added to the pool of language you have. Borchers [11] have identified a pattern language for interaction 
design for interactive exhibits. It simplifies the process of translating the requirements between the artists, designers 
and system engineers. The use of pattern languages supports the PD approach as suggested by Alexander [15].  
4.2. Human factors and ergonomics (HF&E) 
Including the interactivity aspect has brought the user engagement with the piece of art to an advanced level, 
where spectators of IA can participate in provoking the interactivity of the IMAI throughout different triggers, such 
as body movements, and gestures [14]. And they contribute to their own perception of the artwork instead of 
perceiving it mentally. 
HF&E is defined in the International Ergonomics Association [16] as “The scientific discipline concerned with 
the understanding of interactions among humans and other elements of a system, and the profession that applies 
theory, principles, data and methods to design in order to optimize human wellbeing and overall system 
performance.” 
As illustrated in Table 1, HF&E consists of three main categories; each branches out to one or more sub-
categories. 
Table 1. Human Factors and Ergonomics. 
Category Sub-category Design Considerations 
Physical (i.e. 
Sensory) 
Haptics 1. Ability to re-locate objects  
2. Ability to press on a touch screen 
3. Ability to see the display in a specific distance and angle within the range of the head 
movements (i.e. up, down, right and left) 
Optics 1. The clarity of the visual display (i.e. the spectator’s receptive visual resolution) 
2. The ability to differentiate between colors (i.e. considering color vision deficiency [17]) 
3. The ability to perceive light and visualize objects  
Auditory 1. The ability to hear playing audio 
2. The ability to perceive audio in a specific range of frequency 
3. The clarity of the perceived audible media 
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Category Sub-category Design Considerations 
Cognitive Perception  1. The ability to comprehend the content visualized 
2. The ability to comprehend the meaning of the audio played out 
3. The ability to comprehend meaning or reason behind the motion of objects 
 Memory The ability to retrieve a short-term or long-term memory 
 Reasoning 1. The ability to analyze the reasons and logic of the displayed media 
2. The ability to analyze the reasons and logic of the interactions 
 Motor 
response 
The ability to walk in the space of the installation 
Organizational 
(i.e. Perceptual) 
Structures 1. The ability to comprehend the structure of the objects in the installation space 
2. The ability to comprehend the relation between the object in the installation space 
 Policies The ability to understand the policies and the rules of the interaction 
 Processes The ability the understand the sequence of the interaction processes (i.e. where and when the 
interaction starts and ends) 
4.3. Socio-cultural factors 
Social and cultural factors can be emerged in one perspective; the socio-cultural factors. And embedding socio-
cultural factors (SCFs) when producing multimedia content is substantial for the variety of cultures the target 
populations may belong to. For Artists to convey their messages and visions to the audience of spectators without 
causing any further cultural dispute, Socio-cultural factors are to be considered as a factor that affects the design. 
Moreover, designing an IMAI leads to designing an experience for the spectator [13] where s/he will go through a 
journey that varies in its length throughout the interactions. And employing the spectator’s culture and background 
in the installation supports his/her subjective perception of the installation [18], and therefore; increases the 
probability of the message convection. 
The impact of SCFs on multimedia content can be divided into two sections: one that affects the elements of 
produced content (e.g. in case of a visual multimedia content, answering what is displayed?), and the other affects 
how those elements are interacting (e.g. in case of a visual multimedia content, answering how are they arranged?). 
Social-cultural factors vary from low-level [19] or syntax [20] features (e.g. shapes and colors), to high-level 
semantics [19] (e.g. direction of displaying text; right to left, or left to right). They vary as well in their level of 
relevance and importance in the type of content produced (e.g. visual or auditory). 
As there are around 7000 languages spoken in the world [21] language resides at the top of the factors list. This 
value of it lays in the importance of comprehending the multimedia produced, and language is the base in case of 
auditory and visual (i.e. written) content. Language might even vary within one country, such as India, as there are 
more than 400 languages [22].Therefore, there are many different cultures within this one country for instance that 
must be taken into consideration to produce the content to right target of people. Dialects as well might be looked 
into in the content was to be customized precisely for a specific group instead of couple of groups of the similar 
culture. 
The beliefs and values of different norms of the targeted culture are also of great importance, as the acceptance of 
the content highly depend on them alongside many other factors. If the content contained conflicting values than of 
the audience’s they might not perceive it at it supposed to be perceived, or even show their dissatisfaction; hence, 
lower the acceptance rate which opposes the aim of producing the content. For instance, including figures and 
drawing of Jesus in an animated movie targeted towards children would be highly rejected in a Muslim culture, as it 
includes content that is against their beliefs and values. Therefore, they are critical factors in content that addresses 
them. 
The educational level as well is one of the SCFs that affect the comprehension rate of the multimedia content. It 
affects not only the academic knowledge level, but also implant values and morals and teach how to perceive 
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characters, thoughts and ideas. And this affects comprehending both the science in the perceivable content and the 
mechanism of showcasing it. 
Many other factors are to be considered, such as symbolism, social practices and structure of society[23]. The 
different interpretations for the same symbol can highly vary between one culture and another, such as the meaning 
of the V sign with hand gesture is a sign of peace they make when posing for photographs, whereas it resembles 
victory in Belgium and other cultures as well. And the structure of society with its different social practices might 
influence the content if included. As for instance, it would be irrelevance to produce multimedia with content that 
includes visual (e.g. mansions) and auditory (e.g. words that refers to expensive brands) indications of a wealthy 
style of life for a target population of lower classes who are not aware of such content. 
4.4. Additional design factors 
Additionally, there are four strategies that affect the design of public interfaces such as IMAIs; Magical, 
Expressive, Secretive and Suspenseful. The approaches are relative to two concepts; manipulation and effect. The 
manipulation of which will trigger the interactivity in the IMAI, and the Effect is the result of the manipulation (e.g. 
turning on lights or playing audio). The strategies are illustrated in Table 2 according to their relation to both 
manipulation and effects. [13].  
Table 2. Additional factors in relation to Manipulation and Effects. 
Strategies Manipulation Effect 
Magical Largely hidden Revealed 
Expressive Revealed Revealed 
Secretive Hidden Hidden 
Suspenseful Apparent Revealed when the 
spectator interacts with 
the installation 
 
The addition of this taxonomy with the four strategies supports Borchers’ design pattern language for Interactive 
exhibits [11], therefore; it adds to the design processes of IMAIs as suggested in this study. 
5. Conclusion 
Overviews of various factors that affect the design processes in IMAI are showcased in this paper. Each factor is 
targeting a specific aspect of the design, where the Interaction pattern language for Interactive exhibits is a means of 
communication between various team members, and the HF&E and socio-cultural factors are to be considered when 
designing the interactivity and the multimedia content of IMAIs. Finally, the PD approach serves as a container that 
encloses all the design activities considering all the affective factors. 
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